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Abstract 

Reverberation  data  at  87.5  kHz  were  obtained  with  a 
narrow-beam  echo  sounder  from  R/P  FLIP  in  January  and  June 
1977  off  southern  California.  Analysis  of  these  data  shows 
that  backscatterlng  below  the  wind-mixed  layer  was  due 
primarily  to  discrete  point  scatterers,  which  had  target 
strengths  ranging  from  -38  to  -73  dB,  and  densities  of  0.05 
to  50  individuals  per  1000  m'’.  Based  upon  these 
characteristics,  the  identities  of  the  scatterers  are 
probably  swimbladder  fish,  and  possibly  squid  and 
slphonophores.  Backscatterlng  from  smaller  organisms  has 
been  observed  as  patches  or  as  a limited  number  of 
scattering  layers.  A visual  comparison  between  scatterer 
motions  and  isotherm  depth  fluctuations  showed  excellent 
correlation  in  terms  of  both  phase  and  amplitude.  Minimum 
total  wave  amplitudes  as  small  as  three  meters  were 
observed.  It  is  suggested  that  this  depth  resolution  might 
be  Improved  with  better  data  processing  techniques  and 
increased  system  performance. 


INTRODUCTION 

The  use  of  acoustic  techniques  to 
study  internal  waves  requires  an 
understanding  of  the  scatterers  that  produce 
the  reverberation  data.  One  is  concerned 
with  inferring  from  Che  backscatterlng 
information  the  occurrence  of  short 
time-scale  mixing  and  Internal  wave  activity. 
Prerequisites  for  these  inferences  are 
identification  of  the  backscatterers  and  an 
evaluation  of  how  well  an  individual 
scatterer  mimics  the  motion  of  a water 
parcel. 

In  this  context  it  is  suggested  that 
the  scatterers  should  have  the  following 
ideal  properties: 

(1)  they  should  be  abundant  within 
at  least  the  first  250  m of  the  water  column; 

(2)  they  should  be  sufficiently 
dense  so  that  a narrow-beam  system  can 
identify  and  track  a small  volume; 


(3)  the  scatterers  should  be 
distributed  homogeneously  in  the  horizontal 
dimension  to  avoid  patchiness  and,  therefore, 
"holidays"  in  the  data  record; 

(4)  they  should  have  a wide 
geographical  range  so  that  the  system  will  be 
viable  in  all  oceanic  provinces; 

(5)  the  scatterers  should  be 
neutrally  buoyant  with  minimal  self- 
propulsion  so  that  they  will  be  dependable 
tracers  of  water  motion. 

BACKGROUND 

The  MPL  87.5  kHz  echo  sounder  is 
described  in  detail  in  Squler,  et  al. 
(1976).  Eight  transducers  are  driven  in 
parallel  to  produce  a source  level  of  227 
dB//p  Pa.  They  form  a 1°  (^°  at  3 dB  down) 
acoustic  beam.  The  first  sidelobe  of  the 
directivity  pattern  is  2 from  the  acoustic 
axis  and  is  6 dB  down  from  the  main  lobe. 
The  single  receiving  element,  which  is  not 
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one  of  Che  transmitting  elements,  has  a 
sensitivity  of  -176  dB//^  Pa;  the  3 dB  do%ni 
point  of  the  receiver  pattern  Is  at  4*5  , The 
nearfleld  of  Che  echo  sounder  Is 
approximately  50  m.  Pulse  durations  as  short 
as  0.1  msec  have  been  used. 

This  instrument  was  originally 
Intended  to  observe  small-scale  bottom 
topography  from  R/P  FLIP.  During  testing, 
backscatter  from  within  the  400  m of  the 
water  column  Imnedlately  below  FLIP  was 
observed.  High-frequency  (~  3 cph)  internal 
wave  type  motions  were  observed  with 
amplitudes  as  great  as  10  m and  with  vertical 
coherences  as  great  as  100  m. 

SCATTERER  CHARACTERISTICS 


Initially  the  scattering  was 
Interpreted  as  reflections  from  sound 
velocity  microstructure  and  the  results  were 
ireported  In  terms  of  reflection  coefficients 
(Fisher  and  Squler,  1975) . Subsequent  work 
has  shown  that  the  backscatterlng  is  due  to 
point  scatterers,  since  the  reflection 
coefficients  did  not  vary  as  the  echo  sounder 
orientation  was  varied.  We  can  expect  that 
microstructure  will  have  orientations  no  more 
than  a few  degrees  from  horizontal.  Because 
of  this  we  would  expect  that  backscatterlng 
from  raicrostructure  reflectors  would  fall  off 
rapidly  as  the  angle  of  incidence  varies  from 
normal  to  the  density  layering  to  off-normal. 
Squler,  et  al.  (1976)  report  no  change  in 
backscatter  between  a vertical  orientation  of 
the  echo  sounder  and  an  orientation  of  30 
off  from  vertical.  This  can  be  seen 
qualitatively  In  Figure  1 from  data  taken  In 
June  1977.  The  echo  sounder  was  rotated  over 
a 30-mln  period  from  270  (horizontal^ 
through  180°  (vertlcally-downward)  to  090 
(horizontal) . The  change  In  slant  range  to 
scatterers  at  a fixed  depth  gives  the 
appearance  of  vertical  migration  In  this 
presentation.  At  180  a surface  return  from 
the  backlobe  of  the  echo  sounder  Is  seen  at 
170  m.  If  reflections  from  microstructure 
were  significant,  we  would  expect  to  observe 
Increased  backscatter  in  this  orientation; 
however,  such  an  Increase  Is  not  apparent. 

A sample  of  the  data  taken  In  January 
1977  at  position  31°N  120°W  Is  shown  in 
Figure  2.  The  pulse  duration  was  0.6  msec 
and  the  pulse  repetition  rate  was  once  per 
second.  This  data  presentation  is  different 
from  the  first  figure  In  that  the  record  was 
constructed  from  digitized  data,  while  the 
first  figure  was  made  on  an  analog  recorder 
with  some  tlme-varylng-galn.  The  digitized 
data  have  been  shaded  according  to  target 
strength.  Compensation  for  transmission  loss 
was  according  to  a two-way  scattering  (40  log 
R)  with  an  attenuation  coefficient  of  21 
dB/km  (Fisher  and  Slmnons,  1977).  Target 


strengths  were  calculated  relative  to  an 
Ideal  sphere  of  a radius  2 m.  Because  the 
echo  sounder  was  mounted  at  the  60  m depth  on 
FLIP,  backscatter  from  the  hull  and  sea 
surface  partially  masked  the  data  In  the 
upper  portion  of  the  record.  An  attempt  has 
been  made  to  compensate  for  this  Interference 
by  subtracting  a mean  scattering  level  from 
the  data  In  this  region.  Although  the 
subtraction  allows  a qualitative  presentation 
of  the  data,  target  strength  Information  In 
the  interference  region  was  not  used. 

This  Is  the  densest  scatterer 
concentration  that  was  noted  during  the 
observation  period  of  22*5  hr.  In  spite  of 
this  concentration  the  scatterers  appear  to 
be  discrete.  The  faint  scattering  layer  at 
400  m Is  real  and  persisted  throughout  most 
of  the  record.  A thin  scattering  layer  is 
observed  around  70  m which  corresponded  to 
the  top  of  the  thermocllne.  The  temperature 
profile  for  this  time  showed  that  the 
well-mixed  layer  extended  to  a depth  near  60 
m.  Between  60  and  70  m there  was  a sharp 
decrease  from  15.5  to  12  C.  Below  70  m the 
temperature  dropped  off  smoothly  to  6.5°  at 
400  m.  Apparent  wave  activity  Is  noted 
around  200  m between  0100  and  0200.  Between 
200  and  250  m there  Is  a dramatic  change  In 
the  reverberation  at  0210.  This  could  be  due 
to  either  patchiness  in  the  scatterer 
distribution  or  to  a change  In  the  acoustic 
strength  of  the  scatterers.  Similar  abrupt 
changes  have  been  seen  In  other  records 
during  times  of  vertical  migration  (Fisher, 
personal  communication) . A vertical 
migration  commenced  around  midnight  that 
corresponded  with  the  passage  of  rain 
squalls,  which  apparently  triggered  a 
downward  migration  from  the  mixed  layer  to 
depths  of  100-250  m.  Prior  to  the  squalls 
the  sky  had  been  clear  with  a full  moon. 
After  the  squall  passed  around  0230,  the  sky 
cleared  and  the  moon  had  not  set.  Some  of 
the  scatterers  continued  their  downward 
migration  and  others  returned  to  the  mixed 
layer. 

To  display  the  data  In  greater  detail, 
portions  of  this  record  were  plotted  In 
expanded  form  In  Figures  3a  and  3b.  In  these 
we  can  see  that  the  scattering  structure 
presented  in  Figure  2 is  resolvable  as  point 
scatterers  which  are  discrete  and  mobile  with 
vertical  swim  speeds  as  great  as  8 cm/sec. 
Interpretation  of  the  wave  activity  as 
Internal  waves  Is  speculative  at  this  point 
without  additional  measurements,  since  the 
vertical  velocities  of  Individual  scatterers 
are  greater  than  typical  Internal  wave 
vertical  velocities.  Although  the  data  in 
this  time  period  are  atypical  of  most  of  the 
data  as  seen  by  this  observer  and  by  Fisher, 
they  do  point  out  a difficulty  In  inter- 
preting scatterer  motion  as  water  motion. 
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Figure  1,  Variation  of  acoustic  backscatter  with  echo  sounder  orientation,  270^  and  090* 
are  horizontal  orientations  and  18CP  is  vertically  downward. 


strength  record  constructed  from  digitized  data.  Internal 
rpe  /notions  are  seen  around  200  m and  between  0100  and  0150 


Figure  3b.  Enlarged  target  strength  record  showing  discrete  scatterers 
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these  and  other  expanded  portions  of 
the  record  were  used  to  estimate  target 
density.  Within  each  10  m depth  Increment 
and  over  a 1.1-hr  period,  the  number  of 
scatterers  detected  on  ten  spaced  samples  was 
counted  by  eye.  Figure  3 represents  the 
worst  case  of  merged  targets  where  estimates 
of  numbers  of  targets  were  made.  The  other 
data  record  contained  far  fewer  scatterers 
allowing  a more  precise  counting.  The 
expected  number  of  scatterers  per  sample  in  a 
10  m depth  bln  was  then  calculated  as  a mean 
of  the  ten  countings.  The  Insonlfled  volume 
for  this  range  Increment  was  calculated  from 
the  beam  directivity  pattern  and  Included  the 
first  sidelobe.  Other  sldelobes  were 
determined  to  be  Insignificant  because  of  the 
combination  of  the  transmitted  end  received 
patterns.  A set  of  51  scatterer  estimates 
was  collected  In  this  manner. 

Next  an  echo-counting  technique  was 
employed  to  provide  similar  scatterer  counts 
by  totalling  the  target  strengths  calculated 
In  Identical  10  m depth  bins  for  a single 


sample.  The  numbers  of  calculated  target 
strengths  were  accumulated  for  4000 
consecutive  samples.  This  total  Is  then  an 
Indicator  of  scatterer  density  within  the 
range  bln  over  a 1.1-hr  averaging  period.  It 
Is  assumed  that  the  scatterers  are 
distributed  randomly  within  the  range 
Increment  and  homogeneously  over  time.  We 
know  that  the  scatterers  are  discretely 
Identified  for  most  of  the  data,  so  that 
multiple  scattering  was  minimal.  Again  the 
scatterer  concentrations  In  Figures  3a  and  3b 
are  atypical.  Host  of  the  expanded  plots 
were  similar  to  the  region  of  Figure  3a 
bounded  by  190-210  m In  depth  and  in  time  by 
0030-0050.  Figure  4 Is  a stralght-llne  fit 
between  the  scatterers  counted  by  an  observer 
and  total  numbers  of  target  strengths 
calculated.  Over  two  orders  of  magnitudes 
this  fit  Is  very  good  with  discrepancies 
never  greater  than  a factor  of  three.  Based 
on  this  the  remaining  data  were  analyzed  for 
scatterer  count  by  using  total  calculated 
target  strengths. 


Figure  4.  Comparison  between  estimated  number  of  scatterers 
per  sample  in  a 10  m range  interval  and  total 
target  strengths  calculated  within  the  same  interval 
over  a one  hour  period. 
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A scatterer  density  contour  plot  for 
the  January  1977  data  Is  shovm  In  Figure  5. 
Ihe  vertical  migration  of  the  Deep  Scattering 
Layer  (DSL)  can  be  seen  at  both  2000  and 
0700.  The  midnight  migration  appears  as  a 
large  perturbation  of  the  ambient  scatterer 
densities.  As  a guideline  for  this 
Information,  we  can  use  the  data  of  Vent  and 
Plckwell  (1977),  who  obtained  net  haul  and 
trawl  data  from  the  upper  400  m off  of  Baja 
California.  Fish  densities  ranged  from  2-20 
fish  per  1000  m'^.  Densities  of  organisms 
that  were  not  fish  ranged  from  10-1000 
Individuals  per  1000  m , and  Included 
copepods,  amphlpods,  euphausllds  and  squid, 
among  others. 

A day-night  comparison  of  the  scatter 
density  vs.  depth  profiles  Is  shown  In  Figure 
6.  Above  200  m the  scatterer  density  Is 
approximately  twice  as  great  during  the  night 
with  respect  to  the  day.  This  Is  reversed  at 
400  m where  a resident  population  exists. 
However  this  decrease  In  density  with  depth 
Is  partially  due  to  system  limitations  which 
precluded  observation  of  weaker  targets  at 
the  more  distant  ranges.  If  the  scatterers 
were  fish.  It  Is  estimated  that  the  scatterer 
density  estimates  may  be  low  by  possibly  an 
order  of  magnitude,  based  upon  the  trawl  data 
of  Vent  and  Plckwell. 

Target  strengths  associated  with  these 
scatterers  ranged  from^-38  to  -73  dB  with  a 
data  base  of  nearly  10  calculations,  with  a 
trend  of  target  strength  Increasing  with 
depth.  For  the  scatterers  In  Figure  3,  the 
target  strengths  ranged  from  -50  to  -69  dB, 
with  a median  of  -66  dB.  No  correction  was 
made  for  the  directivity  pattern  In  these 
calculations.  Since  the  volume  swept  by  the 
first  sldelobe  Is  much  greater  than  the  main 
lobe,  the  majority  of  the  targets  were 
probably  detected  through  the  sldelobe.  Thus 
most  of  the  calculated  target  strengths 
should  be  around  6-7  dB  stronger.  If  so  they 
then  correspond  well  with  the  reported  peak 
target  strengths  of  Squler,  et  al.  (1976), 
which  were  determined  by  displaying  the  data 
from  an  analog  tape  onto  a scope  to  observe 
the  peak  strength  of  an  Individual  scatterer. 

SCATTERER  IDENTIFICATION 

Biological  samples  were  not  taken 
during  this  observation  time;  therefore,  the 
Identity  of  the  scatterers  can  only  be 
Inferred  from  their  characteristics:  (1)  the 
scatterers  are  discrete  Individuals  capable 
of  vertical  swim  speeds  of  up  to  8 cm/sec; 
(2)  target  strengths  ranged  from  -38  to  -73 
dB;  (3)  scatterer  densities  ranged  from 
0.05  to  50  Individuals  per  1000  m'^;  and  (4) 
there  was  vertical  migration  of  some,  but  not 
all,  of  the  scatterers.  These 
characteristics  suggest  that  the  scatterers 


could  be  swlmbladder  fish,  squid  and/or 
slphonophores,  rather  than  zooplankters  like 
euphausllds  or  copepods. 

The  target  strength  of  fish  has  been 
studied  by  numerous  researchers  and  has  been 
reviewed  by  Love  (1971),  In  this  paper  he 
presents  his  laboratory  results  for  fish  from 
16  different  families.  The  lengths  of  the 
fish  ranged  1 cm  to  1 m.  Acoustic 
frequencies  ranged  from  8 to  1480  kHz.  From 
these  measurements  he  fitted  his  data  to 
calculate  maximum  target  strength  to: 


19.4  log  L + 0.6  log  X 

(1) 

-24.9,  dorsal  aspect 

22.8  log  L - 2.8  log  X 

(2) 

-22.9,  side  aspect 


where  T Is  target  strength  In  dB  and  L and  X 
are  the  fish  length  and  acoustic  wavelength 
In  meters.  Figure  7 Is  a plot  of  these 
relationships  for  a frequency  of  87.5  kHz. 
Plots  of  (1)  for  50  and  200  kHz  are  similar 
to  those  In  Figure  7,  but  are  displaced  0.2 
dB  higher  and  lower.  From  this  we  can  see 


Figure  7,  Plots  of  target  strength  vs.  fish 
length  for  ttio  aspects  and  for  an 
acoustic  frequency  at  87.5  kHz, 
according  to  Love  (1971) . 
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that  fish  length  Is  the  dominant  factor  In 
determining  acoustic  strength  and  that  the 
aspect  Is  also  more  Important  than  the 
acoustic  wavelength,  for  frequencies  much 
above  swlmbladder  resonant  frequencies, 
ocher  researchers  have  produced  similar 
relationships,  but  the  Important  point  Is 
that  this  range  of  target  strengths  agrees 
with  the  range  of  target  strengths  that  were 
calculated.  The  fish  lengths  In  Figure  7 are 
within  the  range  typical  of  DSL  fish.  The 
vertical  swim  speeds  of  fish  compare  with  the 
scatterer  velocities  that  we  have  seen. 
Typical  fish  densities  from  trawl  data  are  In 
the  range  of  our  calculated  scatterer 
densities,  except  for  those  limited 
concentrations  greater  than  20  Individuals 
per  1000  m^.  In  summary  the  scatterer 

characteristics  agree  well  with  what  we  would 
expect  for  typical  fish  populations. 

Another  possible  organism  for  the 
observed  scatterers  Is  the  squid.  Matsul, 
Teramoto  and  Kaneko  (1972)  made  laboratory 
measurements  of  target  strengths  of  11  squid 
with  mantle  lengths  of  11  to  12  cm.  The 
maximum  target  strengths  were  about  -45  dB  at 
SO  kHz  and  -42  dB  at  200  kHz.  Although  this 
was  a very  limited  data  set.  It  does  show 
that  the  squid  can  be  an  Important  target. 
It  Is  interesting  that  the  target  strengths, 
while  slightly  stronger,  compare  favorably 
with  what  we  would  expect  for  similarly-sized 
fish.  Density  of  these  animals  Is  not 
well-known  because  of  the  difficulty  In 
catching  them;  behavioral  characteristics 
such  as  schools  and  layering  have  been 
observed  directly  from  a submersible  In  the 
San  Diego  Trough  by  Barham  (1963) . The 
depths  of  these  schools  corresponded  poorly 
with  12  kHz  scattering  layers  as  observed 
simultaneously  from  a surface  support  vessel. 

Barham  (1963)  also  reported 
observation  of  slphonophores  that  did 
correspond  well  with  12  kHz  scattering  layers 
and  had  densities  estimated  as  great  as  300 
per  1000  m'^.  However,  sparser  populations 
have  been  observed  (Pickwell,  et  al.,  1970). 
The  slphonophore  Is  a jellyfish  that  consists 
of  concentrations  of  Individuals  which  have 
specialized  functions  within  this  colony.  In 
one  of  the  major  groups  of  the  slphonophore, 
the  Physonectae,  the  colony  has  a small 
that  serves  as  flotation 
Pickwell  (1967)  has  shown 
c^n  have  volumes  ranging 


gas-filled  bubble 
for  the  animal, 
that  these  bubbles 
from  0.25  to  4.92 


mm~.  Resonant  frequencies 
for  these  bubble  volumes  can  range  from  10  to 
28  kHz  at  100  m depth,  and  from  20  to  53  kHz 
at  a depth  of  400  m.  Target  strengths  for 
these  bubble  volumes  at  87.5  kHz  should  range 
from  around  -59  to  -G7  dB.  The  slphonophore 
can  swim  vertically,  both  upward  and 
downward,  and  can  sink  from  the  surface  In 
rough  weather.  It  Is  capable  of  varying  the 


bubble  volume  rapidly,  adapting  to  sudden 
changes  In  pressure  of  half  an  atmosphere. 
Thus  the  animal  would  be  capable  of  varying 
its  bubble  during  migration  and  changing  Its 
acoustic  characteristics  dramatically.  More 
quantitative  measurements  of  animal  density 
are  difficult  because  the  animal  Is  most 
often  destroyed  by  coming  Into  contact  with 
net  hauls.  Gas  bubbles  In  preserved 
laboratory  specimens  have  remained  Intact  for 
a period  of  three  weeks;  In  the  water  column 
these  bubbles  could  then  conceivably  retain 
their  acoustic  strength  after  the  death  of 
the  animal. 

Smaller  animals  have  been  observed 
with  high-frequency  echo  sounders,  but  not  as 
Individuals,  and  generally  at  shallower 
depths  corresponding  with  the  top  of  the 
thermocllne.  Barraclough,  LeBrasseur  and 
Kennedy  (1969)  tracked  a shallow,  20  m thick 
layer  of  copepods  with  a 200  kHz  echo  sounder 
over  most  of  a traverse  of  the  North  Pacific 
Ocean.  The  layer  was  usually  at  depths 
between  20  and  40  m and  peak  densities  were 
on  the  order  of  100  copepods  per  m . Frledl, 
Pickwell  and  Vent  (1977)  found  good 
correlation  between  scattering  layers  and 
patches  at  12  and  38  kHz  In  the  upper  100  m 
and  the  distribution  of  pelagic  crabs  off 
southern  Baja  California.  Cooney  (1969)  and 
Pieper  (1977)  correlated  euphauslld 
distributions  and  scattering  layers  at  around 
100  kHz  In  Saandlch  Inlet  In  Puget  Sound  and 
the  Santa  Catalina  Basin  off  southern 
California,  respectively. 

In  all  of  these  papers  the  scattering 
layers  appear  as  dense  concentrations  of 
scatterers  rather  than  as  Individuals, 
because  of  system  resolution.  It  Is  also  due 
to  the  weak  target  strengths  of  these 
animals.  Cooney  (1969)  estimated  target 
strengths  at  102  kHz  to  be  -90,  -107,  and 
-114  dB,  for  euphausllds,  amphipods  and 
copepods,  respectively.  These  estimates  were 
based  upon  typical  animal  volumes  and 
measurements  of  animal  conpresslblllty 
reported  by  Beamish  (1971).  Greenlaw  (1977) 
made  direct  measurements  of  target  strength 
of  preserved  specimens  of  euphausllds  and 
copepods  In  the  laboratory.  Around  200  kHz 
euphausllds  and  copepods  were  found  to  have 
strengths  of  -80  and  -100  dBi  Around  100  kHz 
the  target  strength  of  a euphauslld  was 
measured  at  around  -75  dB,  while  no  value  was 
given  for  copepods. 

If  we  assume  target  strengths  of  -75 
dB  for  euphausllds  and  -100  dB  for  copepods 
at  87.5  kHz,  we  can  compare  their  strengths 
relative  to  fish.  We  will  also  assume  that 
the  backscatterlng  from  Individual 
zooplankton  will  add  with  random  phase.  A 
typical  DSL  fish  length  of  35  mm  (Vent, 
personal  coimunlcatlon)  should  have  a dorsal 
aspect  target  strength  of  around  -55  dB. 


10 


SIO  Reference  77-24 


Given  these  assumptions  we  calculate  the 
following  scattering  strength  comparison: 

2 

1 fish  - 10  euphausllds 

” 2.9  X 10^  copepods 

We  shall  consider  this  as  merely  a guideline 
In  comparing  these  animals.  In  addition  we 
will  have  to  consider  the  total  volume 
Insonlfled  to  match  scattering  strengths. 

DENSITIES  OF  EUPHAUSIIDS  AND  COPEPODS 


Ambient  densities  of  euphausllds  In 
the  California  Current  System  have  been 
reported  by  Brlnton  (1967)  as  ranging  from  20 
to  100  per  1000  m^.  During  daytime  these 
animals  are  distributed  In  depth  range  of  ISO 
to  200  m depending  upon  species.  At  night 
these  animals  migrate  to  the  upper  100  m of 
the  water  column.  Difficulties  In  capturing 
euphausllds  In  a standard  net  haul  Indicate 
that  these  estimates  could  be  low  by  as  much 
as  a factor  of  ten.  The  euphausllds  will 
swarm  with  patch  densities  ranging  as  high  as 
1-5  Individuals  per  m off  Oregon  (Greenlaw, 
1977)  ^hich  agrees  with  the  values  of  0.4-4. 6 
per  m^  found  by  Pieper  (1977)  in  the  Santa 
Catalina  Basin. 

Copepod  densities  off  Baja  California 
have  been  reported  by  Longhurst  (1967).  Pe^ 
densities  were  around  400  animals  per  m^, 
which  corresponds  roughly  with  the  value  of 
100  per  m found  by  Barraclough,  et  al. 
(1969) . Longhurst  found  that  depths  of 
maximum  densities  varied  between  100  and  300 
m and  that  they  did  not  migrate  as  part  of 
the  DSL.  Depths  of  maximum  densities  varied 
from  station  to  station.  A secondary  density 
nmxlmum  was  found  to  occur  between  60  and  90 
m depth.  There  was  a marked  tendency  for  the 
copepods  to  layer  In  depth. 

To  finish  our  scattering  strength 
comparison,  we  select  a one-way  range  of  200 
m,  where  the  Insonlfled  volume  ^f  the  87.5 
kHz  system  will  be  around  100  m'^.  If  the 
pulse  duration  Is  1 msec  and  the  first 
sldelobe  of  the  directivity  pattern  is 
Included.  In  this  ^olume  we  may  expect  tg 
find  one  fish,  5 x 10  euphausllds  or  4 x 10^ 
copepods.  If  peak  plankton  densities  are 
asstimed.  From  this  we  calculate  that  the 
scattering  strength  of  the  fish  will  be 
around  1 dB  weaker  than  returns  from  the 
copepods  and  6^  dB  weaker  than  the 
euphausllds. 

We  have  structured  this  exercise  to 
provide  the  strongest  case  for  the  smaller 
animals.  With  ambient  plankton  densities, 
shorter  pulse  durations,  and  closer  ranges, 
we  can  see  that  the  dominant  scatterer  below 


the  mixed  layer  will  be  the  nekton. 
Plankters  may  be  observed  acoustically  but 
probably  as  either  swarms  or  as  a limited 
nuiid>er  of  thin  scattering  layers.  Within  the 
mixed  layer,  there  appear  to  be  sufficient 
plankton  densities,  both  during  night  and 
day,  so  that  they  will  be  more  dominant 
scatterers  than  individual  fish  but  not  fish 
shoals. 


INCREASING  TARGET  STRENGTH 
WITH  DEPTH 

An  Increase  In  peak  target  strength 
with  depth  has  been  reported  by  Squler 
et  al.  (1976)  as  a repeatable  trend  for 
several  observation  periods  within  the  same 
oceanic  area  off  San  Diego.  Generally  peak 
target  strengths  at  150  m were  around  -60  dB 
and  Increased  to  around  -47  dB  near  400  m. 
These  were  verified  to  be  clean  returns  from 
Individual  scatterers.  This  correlates  with 
results  for  the  January  1977  data  except  for 
times  of  DSL  migration.  At  an  acoustic 
frequency  of  87.5  kHz,  changes  in  target 
strength  of  either  slphonophores  or  fish 
because  of  bubble  volume  changes  or  pressure 
effects  on  bubbles  are  Insufficient  to 
explain  this  13  dB  Increase.  Instead  this 
Implies  that  the  physical  size  of  the  targets 
Increased  with  depth.  If  the  scatterers  were 
predominantly  fish,  this  effect  could  be 
explained  from  Figure  7 as  an  increase  in 
peak  fish  length  from  near  2 cm  at  150  m to 
approximately  10  cm  at  400  m. 

A simple  explanation  of  why  the  size 
of  pelagic  organisms  should  Increase  with 
depth  Is  difficult,  but  has  been  reported  as 
a general  trend  (Tseytlln,  1975).  One 
observation  made  by  several  researchers 
(e.g.,  Kobayashl,  1973;  Gibbs  and  Roper, 
1970)  Is  that  within  a given  fish  species, 
juveniles  are  caught  at  depths  shallower  than 
those  of  adult  catches.  Another  observation 
of  Kobayashl  is  that  species  within  the 
mesopelaglc  fish  genus,  Cyclothone.  tend  to 
select  different  depth  habitats.  This  has 
been  corroborated  by  Tseytlln  (1976),  who 
reported  species  depths  of  both  Cyclothone 
and  Taanlnglcthys . The  four  reported  species 
of  Cyclothone  Increased  in  average  size  from 
3 cm  at  400  m to  7 cm  at  800  m.  Of  the  three 
species  of  Taanlnglcthys  average  length 
Increased  from  6*5  cm  around  500  m to  9*5  cm  at 
900  m.  Although  these  were  preliminary 
results  and  were  for  fishes  whose  depth 
habitats  are  near  or  below  the  observation 
depths  of  the  FLIP  data,  they  do  support  the 
concept  of  Increased  fish  length  with  depth. 
A third  possibility  Is  that  the  identity  of 
the  scatterers  changes  with  depth.  Around 
150  m the  scatterers  could  be  predominantly 
slphonophores  and  smaller  fish  of  approximate 
length,  2 cm,  which  should  have  target 
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Figure  9.  Isotherm  depth  fluctuations  as  a function  of  time.  Isotherm  contour 
increments  are  0.1  cf. 


strengths  near  -60  dB.  Between  150  and  400 
m,  hatchetflsh  and  lanternflsh  with  lengths 
of  3 to  7 cm,  typical  In  size  and  depth 
habitat,  should  have  target  strengths  In  the 
range  of  -50  to  -59  dB.  Around  400  m,  larger 
fish  and  squid,  with  sizes  near  10  cm,  should 
have  target  strengths  of  -45  to  -49  dB. 

Documentation  of  these  possibilities 
Is  insufficient  to  make  a definitive 
statement.  However,  the  depth  increase  in 
peak  target  strength  Is  real  and  the 
suggestion  that  the  size  of  the  pelagic  fauna 
Increases  with  depth  Is  a plausible 
explanation  for  this  effect. 

SOUND  SCATTERERS  AS 
INTERNAL  WAVE  TRACERS 

We  have  shown  that  scatterers  observed 
with  the  WL  87.5  kHz  echo  sounder  are 
probably  nekton.  We  have  also  seen  that 
because  of  the  mobility  of  these  organisms, 
they  can  at  times  have  vertical  swim  speeds 
greater  than  internal  wave  vertical 
velocities.  During  times  of  vertical 
migration  they  may  be  poor  Indicators  of 
water  parcel  motion.  Most  of  the  time  this 
will  not  be  true.  The  slphonophores  are 
relatively  slow-moving  and  generally  Inactive 
organisms  at  times  other  than  during 
migratory  periods  (Barham,  1970) . Barham 
also  reports  that  many  swlmbladder  fish  like 
hatchetflsh  and  lanternflsh  are  not  active 
swlmaers  during  the  day.  Rather  they  go  Into 
a torpid  state  and  may  assume  a motionless 
heads-up  orientation.  Based  on  his  direct 
observations  from  a submersible,  he  noted 


that  even  at  night  in  the  upper  100  m of  the 
water  column,  about  70Z  of  the  myctophlds 
were  active  and  swimming  horizontally.  Squid 
have  also  been  observed  motionless  In  a 
vertical  orientation.  From  this  we  may  find 
that  these  animals,  while  capable  of  vertical 
mobility,  may  still  serve  as  tracers  of  water 
motion. 

One  Indication  of  this  has  been  made 
by  Pronl  and  Apel  (1975)  using  a 20  kHz  echo 
sounder  mounted  upon  a moving  surface  ship. 
Although  these  authors  suggest  the 
possibility  that  their  returns  may  be  due  to 
density  microstructure,  the  acoustic  records 
In  the  paper  show  little  data  in  the  upper 
100  m prior  to  the  rise  of  the  DSL.  After 
the  scattering  layer  has  risen,  however,  they 
found  good  correlation  between  scattering 
layer  depths  and  temperature  gradient 
structure  and  between  scattering  layer 
fluctuations  and  observed  temperature 
variations  as  sensed  with  a thermistor  that 
was  towed  at  a depth  of  31  m.  It  Is  more 
likely  that  their  scattering  Is  due  to 
biological  reverberation,  but  the  Internal 
wave  Information  does  apply  to  our  present 
topic. 

A more  definitive  comparison  was 
accomplished  with  Isotherm  fluctuation  data 
taken  on  14-15  June  1977  and  an  87.5  kHz  echo 
sounder  record.  Water  ten^erature  and 
conductivity  were  profiled  from  R/P  FLIP 
every  125  sec  to  a depth  of  180  m.  Details 
of  the  yoyo  profiler  are  given  in  Plnkel 
(1975).  Figure  8 Is  an  isotherm-depth  vs. 
time  plot  for  this  observation  period.  High 
frequency,  3-7  eph.  Internal  waves  can  be 
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Figure  9,  Isotherm  vertical  displace- 
ment spectra  from  record 
length  of  8.9  hr  and  a 
Nyquist  frequency  of 
14,5  cph. 


I 


seen  throughout  the  record.  These  waves 
generally  have  vertical  coherence  over  the 
entire  sampled  depth  range  and  are  probably 
first  mode  waves.  Plnkel  has  shown  that  this 
Is  not  surprising,  since  most  of  the  high 
frequency  energy  observed  by  him  was 
dominated  by  the  first  mode.  The  spacing  of 
the  Isotherm  contours,  which  are  In 
Increments  of  0.1  C°,  give  a good  Indication 
of  the  temperature  gradient.  Around  150  m 
there  Is  a relatively  Isothermal  region  which 
Is  10-15  m thick.  The  10  m drop  of  the  10.1° 
Isotherm  around  2220  indicates  that  the 
apparent  vertical  motion  was  not  real  but  was 
actually  due  to  the  fact  that  temperature  Is 
a poor  water  motion  tracer  In  Isothermal 
water.  However,  for  most  of  the  record,  the 
Isotherms  appear  sufficient  for  our  purpose. 
The  top  of  the  record  corresponded 
approximately  with  the  top  of  the 
thermocllne.  For  this  work  we  will  assume 
that  Isotherm  depth  fluctuations  will  Infer 
changes  in  the  rms  potential  energy 

E - isp  N^(z)  < > (4) 


where  p Is  density,  n Is  the  displacement 
of  an  Isopycnal  about  Its  mean  position,  and 
N(z)  is  the  Brunt-Valsala  frequency,  given  by 

N(z)  • (g/p  (3p/3z  - pg/c^)  )**  (5) 

where  c Is  the  speed  of  sound  In  water 
and  g Is  the  acceleration  due  to  gravity. 

The  frequency  spectrum  of  the  Isotherm 
vertical  displacements  Is  related  to  the 
spectral  density  function  and  Is  thus  an 
indicator  of  internal  wave  potential  energy 
with  frequency.  Isotherms  at  Initial  depths 
of  100,  120,  140  and  160  m were  tracked  over 
an  8.9  hr  period  with  a Nyquist  frequency  of 
Isotherm  displacements  were  centered 
about  a zero  mean  and  a triangular  data 
window  was  applied  to  them.  These  256-point 
data  records  were  then  fast  Fourier 
transformed.  The  resulting  four  spectra  are 
plotted  In  Figure  9 and  have  been  offset 
successively  by  10  dB  Increments.  Actual 
values  are  Indicated  relative  to  each 
spectrum.  The  fifth  spectrum  Is  a composite 
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of  the  four  data  records  with  approximately 
32  degrees  of  freedom.  The  90Z  confidence 
limit  for  the  values  of  this  spectrum  Is 
around  +2^  dB.  Generally  the  spectra  fall 
off  to  around  3 cph.  Between  3 and  S cph 
there  Is  an  energy  plateau,  followed  by  a 
roll-off  of  7 dB,  A real  energy  spike  occurs 
aether  drop-off  to  the 


around  7 cph,  with^ 
noise  level  at  10 


temperature  and 
profiler,  water 
profiles  of  the 


m /cph. 

Using  both  the 
conductivity  data  from  the 
density  was  calculated  and 
Brunt -Valsala  frequency  (BVF)  with  depth  were 
determined.  Sound  speed  was  not  measured  but 
was  estimated  from  the  data  according  to  the 
equation  of  Wilson  (1960).  At  first  the  BVF 
was  calculated  on  two-meter  Intervals  and 
showed  several  regions  of  static  Instability. 
Some  of  these  are  due  to  sensor  limitations 


for  this  purpose.  However,  Lee  (personal 
communication)  found  similar  unstable  regions 
as  determined  with  profiles  from  XSTD 
samplings.  Indicating  that  this  was  a dynamic 
region  of  the  thermocllne.  This  is  an  area 
where  the  cold  less-saline  water  of  the 
California  Current  Is  mixing  with  warmer 
more-saline  water  coming  from  the  south. 
Because  of  this,  this  region  Is  rich  In 
microstructure  activity  as  these  water  masses 
Interleave  and  mix.  The  BVF  was  recalculated 
on  10  m intervals  which  produced  no  static 
Instabilities.  Figure  10  is  a series  of 
these  profiles  from  data  taken  throughout  the 
observation  period.  It  can  be  seen  that  the 
BVF  varied  In  the  depths  70-170  m between  3 
and  7 cph,  which  Is  what  we  would  have 
expected  based  upon  the  spectral  Information 
alone. 


lA 


SIO  Reference  77-24 


ACOUSTIC  INFORMATION 

Figures  11a  through  Ilf  show  the 
entire  acoustic  record  for  this  observation 
period.  The  pulse  duration  was  0.1  msec.  A 
surface  reflection  from  the  backlobe  of  the 
array  can  be  seen  at  170  m.  The  receiver  was 
saturated  for  the  first  12  m of  the  record. 
The  rise  of  the  DSL  can  be  seen  In  Figure  11a 
as  at  least  two  populations.  The  first  Is 
from  a group  of  scatterers  at  around  230  m 
which  began  ascending  around  2000.  The 
second  group  began  around  2020  and  ascended 
at  a greater  rate.  Some  of  the  scatterers 
went  above  the  start  of  the  acoustic  record. 
Prior  to  the  rise  of  the  scattering  layers,  a 
resident  daytime  population  can  be  seen  with 
concentrations  at  110  and  120  m.  Wave 
activity  with  total  amplitudes  as  great  as  9 
m and  with  periods  10-12  min  can  be  noted. 

Figure  11b  shows  the  nighttime 
conditions  with  little  wave  activity. 
Ntnerous  scatterers  show  "tent-shaped" 
patterns  often  associated  with  feeding  fish. 

Figure  11c  shows  the  diffusion  of  the 
scattering  layers  at  110  and  120  m,  while 
there  Is  a formation  of  a new  scattering 
layer  at  140  m. 

Figure  lid  Is  an  active  portion  of  the 
record  with  marked  wave  activity  that  appears 
to  be  In  phase  from  100  to  150  m.  The  120 
and  140  m scattering  layers  are  still 
recognizable.  Also  around  0050  and  at  115  m, 
we  can  see  the  formation  of  a new  scattering 
layer  that  Is  qualitatively  different  from 
the  others.  This  layer  Is  quite  dense  and 
does  not  appear  to  be  composed  of  scatterers 
that  can  be  recognized  as  discrete.  This 
scattering  is  probably  due  to  zooplankton 
that  may  be  associated  with  a wedge  of  water 
with  different  physical  characteristics. 
Note  that  there  are  nimerous  scatterers  that 
are  migrating  downward  as  Individuals  rather 
than  as  a layer. 

Figure  lie  Is  similar  to  the  previous 
figure  except  that  the  dense  scattering  layer 
Initially  at  115  m has  broadened  to  an 
approximate  thickness  of  15  m.  The  downward 
migration  of  scatterers  Is  more  pronounced. 

Figure  Ilf,  the  end  of  the  record, 
continues  to  show  the  dense  scattering  layer 
and  also  shows  diffusion  of  the  layer  at  140 
m.  Downward  migrating  scatterers  are 
beginning  to  concentrate  around  230  m.  A 
large  concentration  of  scatterers  Is  also 
forming  around  100  m,  obscuring  information 
In  the  first  30  m of  the  record. 


COMPARISON  OF  ACOUSTICAL  DATA 
WITH  ISOTHERM  DEPTH  FLUCTUATIONS 

Figures  12a  through  12f  are  a direct 
comparison  between  the  wave  activity  seen  In 
Che  acoustic  record  and  the  depth 


fluctuations  of  selected  Isotherms. 
Temperature  data  were  available  to  a depth  of 
180  m,  so  that  only  chat  portion  of  the 
acoustic  record  Is  displayed.  The  Isotherm 
contours  are  In  Increments  of  0.25  C°.  The 
Isotherms  were  not  plotted  on  Cop  of  the 
acoustic  record  so  chat  an  observer  would  not 
be  biased. 

Figure  12a  shows  that  the  agreement 
between  wave  activities  as  sensed  In  the  two 
manners  Is  excellent  In  terms  of  both 
amplitude  and  phase.  This  correlation 
becomes  more  difficult  as  the  DSL  rises 
through  our  depths  of  Interest.  This  Is 
apparent  for  the  10°  Isotherm  at  2020.  Here 
an  oscillation  of  total  aiq>lltude  3 m can  not 
be  readily  seen  in  the  acoustic  Information. 
The  scattering  layer  at  120  m Is  bounded  top 
and  bottom  by  the  10.25°  and  10.50° 
Isotherms.  These  Isotherms  diverge  over  the 
period  of  this  figure  and  the  scattering 
layer  thickens  accordingly.  The  110  m layer 
has  a lower  bound  of  around  11  . 

Figure  12b  Is  a period  after  the  rise 
of  the  DSL  and  is  a relatively  quiet  period 
In  terms  of  wave  activity.  However,  the 
oscillation  between  2140  and  2150,  with  total 
amplitude  of  3 m.  Is  still  recognizable. 
Although  the  temperature  gradient  In  this 
depth  band,  as  Indicated  by  the  spacing  of 
the  Isotherms,  does  not  vary  greatly  over 
this  portion  of  the  record,  the  scattering 
layer  at  110  m disappears  and  the  layer  at 
120  m diffuses.  By  2200  it  nearly  ceases  to 
be  a layer. 

Figure  12c  shows  the  formation  of  a 
new  scattering  layer  at  around  140  m that 
appears  tagged  to  the  10.25°  Isotherm.  At 
the  start  of  the  record  this  Isotherm  is  at  a 
depth  of  130  m and  descends  to  a depth  of  143 
m by  2310.  This  motion  is  accurately  de- 
picted In  the  acoustic  record.  At  2330  a 3 m 
oscillation  of  the  10.5°  contour  Is  easily 
seen  In  the  acoustic  data,  but  the  oscil- 
lation of  the  9.75  Isotherm  Is  less  appar- 
ent. This  may  be  due  to  a decreased  scat- 
terer  density  so  that  there  are  fewer  water 
motion  tracers  that  can  be  observed.  This  Is 
also  true  for  the  9.75  Isotherm  near 
midnight . 

Figure  12d  shows  that  there  were  gaps 
in  the  profiler  data  so  that  the  Isotherm 
Information  Is  discontinuous.  Depth 
fluctuations  occur  between  0010  and  0050  and 
ate  accurately  reflected  in  the  acoustic 
record.  In  addition  to  the  scattering  layers 
at  120  and  140  m,  a new  layer  appears  at  115 
m around  0100.  The  start  of  this  layer  cor- 
responds with  the  appearance  of  the  12° 
Isotherm  In  the  data.  The  bottom  of  the 
scattering  layer  appears  tagged  to  the  10.75° 
contour.  The  downward  migration  of  indivi- 
dual scatterers  around  0100  makes  the  iso- 
therm depth  fluctuations  more  difficult  to 
observe. 
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Figure  12e  shows  an  active  time  with 
six  oscillations  of  approximately  12  min 
period.  Total  amplitude  Is  about  6 m.  The 
dense  scattering  layer  has  broadened  to  a 
thickness  of  IS  m and  has  an  upper  bound 
given  by  the  11.2°  Isotherm.  Correlation  is 
again  excellent.  The  large  downward 
migration  of  Individual  scatterers  around 
0240  hinders  but  does  not  obscure  the 
Isotherm  fluctuations. 

Figure  12f  shows  the  end  of  the  record 
and  has  one  obvious  oscillation  at  0355.  The 
140  m scattering  layer  has  now  diffused,  or 
migrated,  and  the  layer  at  120  m has  now  been 
obscured  by  the  very  dense  scattering  layer 
of  plankters.  Again  note  that  the  0355 
oscillation  of  the  9.75°  Isotherm  has  a total 
amplitude  of  3-4  m that  Is  difficult  to  note 
In  the  acoustic  record. 

The  conclusion  that  can  be  drawn  from 
this  comparison  Is  that  the  acoustic  record 
is  an  accurate  Indicator  of  Internal  wave 
motion  for  wave  total  amplitudes  at  least  as 
small  as  3 m.  Smaller  amplitude  waves  might 
be  observed  with  a more-sophisticated  data 
processing  scheme.  Just  as  Importantly,  the 
ability  to  observe  oscillations  degrades  as 
the  scatterer  density  decreases. 

CONCLUSIONS  AND  RECOMMENDATIONS 

1.  The  reverberation  that  Is 
observed  with  the  87.5  kHz  echo  sounder  Is 
due  primarily  to  backseat terlng  from  discrete 
Individuals.  These  scatterers  have  densities 
ranging  from  0.05  to  50  lndlvlduals/1000  m'’ 
In  the  300  m of  the  water  column  Immediately 
below  FLIP. 

2.  Based  upon  the  scatterer 
densities  and  their  target  strengths,  these 
Individuals  are  probably  fish,  and  also 
possibly  squid  and  slphonophores. 
Zooplankton  have  Insufficient  target 
strengths  to  be  observed  as  Individuals, 
VHille  plankters  can  be  observed  If  they  have 
sufficient  densities,  they  will  generally 
occur  as  patches  or  as  a limited  number  of 
dense  scattering  layers. 

3.  Because  the  dominant  scatterers 
are  nekton,  they  are  capable  of  vertical 
mobility  and  some  of  them  will  participate  In 
the  diurnal  migrations  of  the  Deep  Scattering 
Layer.  Additional  migrations  may  be 
triggered  by  environmental  factors  such  as 
passing  rain  squalls  or  the  onset  of  rough 
weather.  During  daytime  these  scatterers 
should  be  generally  inactive  and  may  serve  as 
tracers  of  Internal  waves.  At  night  these 
scatterers  will  be  more  active  and  should  be 
less  reliable  tracers. 

4.  Peak  target  strengths  were  found 
to  Increase  with  depth  from  around  -60  dB  at 


150  m to  near  -47  dB  near  400  m.  It  Is 
suggested  that  this  effect  may  be  explained 
as  an  Increase  In  the  physical  size  of  the 
scatterers  with  depth. 

5,  A visual  comparison  between 
scattering  layer  motions  and  Isotherm  depth 
fluctuations  showed  excellent  correlation  for 
total  wave  amplitudes  as  small  as  3 m. 
Smaller  wave  amplitudes  might  be  observed 
with  better  processing  techniques.  The 
ability  to  make  this  comparison  Is  dependent 
upon  the  scatterer  density. 


The  fact  that  scattering  layer  motions 
correspond  with  small  depth  fluctuations  of 
Isotherms  Is  quite  heartening.  Observations 
of  smaller  depth  fluctuations  might  be 
possible  with  a data  processing  scheme  and 
with  Improvements  In  the  system  performance. 
Increasing  the  pulse  duration  to  greater  than 
1 msec  will  not  help,  since  the  half-plng 
length  of  this  pulse  Is  around  0.75  m. 
However,  techniques  which  will  Increase  the 
number  of  scatterers  detected  %flthln  a 1 msec 
pulse  should  Increase  the  sensitivity  of  the 
Internal  wave  observations.  Fish  trawl  data 
suggest  that  our  scatterer  density  should  not 
fall  off  as  rapidly  as  It  does;  rather,  the 
Increase  of  minimum  target  strength  with 
depth  suggests  that  system  limitations  are 
precluding  observation  of  but  the  large 
scatterers  that  have  been  Insonified. 

System  performance  could  be  liqproved 
In  several  ways.  First,  one  could  use  a 
slightly  wider  beamwldth.  This  will  Increase 
the  probability  of  detecting  a scatterer  at  a 
given  range  and  should  provide  a longer  look 
time  at  an  Individual  water  motion  tracer. 
We  have  seen  that  the  first  sldelobe  of  the 
87.5  kHz  echo  sounder  was  Important  In 
obtaining  these  data,  so  that  we  had  an 
effective  full  beanwldth  of  around  4°.  In  a 
practical  application  this  increased 
beamwldth  must  be  weighed  against  the  maximum 
Insonified  volume  that  would  be  acceptable. 
This  In  turn  depends  upon  the  most  likely 
signal  depths  and  the  spatial  distribution  of 
the  signal.  Second,  one  may  Increase  the 
source  level  and/or  the  initial  gain  through 
the  receiver  In  order  to  Improve  the 
signal-to-nolse  ratio  of  the  return.  The 
disadvantage  of  this  Is  that  the  receiver 
will  be  overloaded  for  a longer  range  than 
the  12  m in  the  present  system.  Third,  one 
might  Implement  an  Improved 
tlme-varying-gain.  With  the  present  receiver 
noise  levels,  the  system  Is  limited  to  depths 
of  about  500  m.  Lastly,  one  may  consider 
using  a lower  acoustic  frequency.  The  target 
strengths  of  these  scatterers  will  probably 
be  little-affected  by  working  at  50  kHz,  for 
example.  However,  when  one  considers  the 
attentuatlon  coefficients  at  frequencies  of 


16 


SIO  Reference  77-24 


T 


SO,  87.5  and  200  kHz  for  round-trip  ranges  of 
1 km,  the  transmission  loss  due  to 
attentuatlon  could  be  decreased  substantially 
by  working  at  a lower  frequency. 

Of  these  recommendations  we  Intend  to 
Implement  a different  tlme-varylng-galn  as 
the  most  feasible  Inprovement  to  the  present 
system.  Although  "ground  truth"  data  from 
the  yoyo  profiler  will  not  be  available  In 
the  coming  year's  work,  we  Intend  to  document 
If  Increased  scatterer  densities  can  be 
observed  with  this  Improvement  and  If  there 
Is  a day-night  difference  In  the  Internal 
wave  observation  capability. 
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Figure  Ilf 


Figures  12a  - 12f.  Dual  plot  of  concurrent  data  from  June  1977.  Upper  portion  is  analog  recording  of  87.5  kHz  echo 
sounder  data.  Lower  portion  shows  isotherm  depth  fluctuations.  Contour  increment  is  0.25  C . 
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